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rhe beginner can easily be confused by the different versions of TeX 82 that seem to exist 
different ComputerLand by the conflicting claims for different Maicro Packa>^es that are 
.pposed to making TVX ‘user friendly’. This preface attempts to clarify the situation. 


the ^t pl^e, there is only one official version of TfeX82 and users are specifically 
ation^not to make any changes to the basic program itself. A ‘change Rle' mechanism 
orovided to ^ow the program to be compiled differently as dictated by the hardware 
1 system sof^are constraints that exist at any particular computer installation, but 
changes should not modify T^X’s formatting capabilities. 


•• is customao;. ^d ind^ desirable, to supply TfeX with a fairly large amount of additional 
urormauon, other in the form of a separate input file or as information that is preloaded 
nth T) 3 X so that it becomes available automatically when the TfeX program is used Such 
lies are usuaUy called macro packages and you, as a user, mav have to concern yourself 
nth the number and kinds of macro packages that are available at your installation 


4acro padages are used to supply T^X with several quite different kinds of information, 
ouch of it being fairly standard and of no immediate concern. Macro packages often 
ssign values to a fair number of the approximately eighty primitives that can be so 
ir^gned and you may wish to assign different values to these. Of major concern are 
be £wriy large number of control sequences that are predefined. These control sequences 
U 4 Ch names to certain logical combinations of selected primitives (and of other control 
^oeoces) that together perform frequently-used formatting functions. The availability of 
he^ predefined sequences can make your task very much easier when you wish to do the 
pfemfic things for which they were designed. 

I' . ' « 

liis manual is written on the assumption that you will be using the PLAIN.TO macro 
mileage. This package simplifies many formatting tasks without interfering with the sep- 
1^ of any of T^C’s primitives. Having mastered plain lyC to the extent that it is 
.^plained in this manual, you may later want to define some additional control sequences 

will help you in specifying the formatting conventions that you employ. 

% 

ome macro packages are written from quite a different point of view from that used for 
lain T^X, where the aim is to make certain global formatting conventions very easv to 
se at the expense (and sometimes with the deliberate intenc) of making it more difficult 
«■ other formatting conventions to be specified. Some of these packages actually redefine 
-•rxns that uses for primitives so that these primitives can no longer be called directly, 
one of these packages completely meets your needs then you should use it, but beware. 

■ne final word—there is a certain amount of circularity in the language used in this manual, 
you do not understand everything the first time through, plow straight ahead until you 
Jg down and then start all over again at the beginning. You will be surprised how much 
earer'everything will be on the second reading. 
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Introduction 


' do ready-reference TfeX82 manual for the beginner who would Uke to 

ta deSi other^Ires ar?k ^ most basic features of the IfcX system are discussed 
m detail. Other features are summarized m an appendix and references are given to the 
jjiore complete documentation available elsewhere. ^ 

system. As TfeX is normally used, the original te.xt is 
(into an mput Ue) very much as it would be typed for submission to an old-fashioned 
. printer a^C th^ this mput file must now contain all of the instructions that are needed 
to describe the desired format for the printed output. Given such a description, stUl in 
r^er terms, the TfeX compiler is able to specify in precise detail the font (i.e. the 

^ and kmd of typeface) and the location for each character that is to be printed. Your 
output can meet the very best publishing standards. 


'^.Definmg book quaUty te.xt is not an easy task. While the IfeX system takes care of many of 
,the tedious details, the wealth of facilities that TfeX provides can be very confusing to the 
jbepimerand sometimes even to the experienced user. These facilities include the handling 
TOch matters as: 1) Ugature replacements (for example, fi for fi), 2) kerning (different 
^^adngs between certain letter pairs), 3) automatic hyphenation, 4) line justification, 
■$) centering, 6) flushing right or left, 7) tabular aligning, 8) the formatting of complicated 
-la^thematical expressions, 9) section and page numbering, 10) the introduction of running 
11) the numbering and placing of footnotes, and 12) the preparation of a table of 
^’^Klt^ts and an index, to name but a few. 


■Jt will be assumed that the reader is already acquainted with the use of a computer and 
^th at least one text editor that can be used while typing the TfeX input file. One minor 
Warning at this point: Do not use an editor that requires or leaves its own special formatting 
marks (line numbers, word processing commands, etc.) in the file that it produces, unless 
|our version of TfeX has been specially tailored to tolerate them. Such marks will be 
•aumed to be a part of the text by The te.xt in the input file should be broken 
op into reasonably short lines. will ignore 1) the way you break your paragraphs 

into lines, 2) extra spaces between words, and 3) extra blank lines between paragraphs, 
although it does accept one or more blank lines as indicating a paragraph break. 


TfeX is usually preloaded with one or more special files that define many very useful com¬ 
mands. This manual assumes that you will be using a basic file called PLAIN.TEX, and 
TfeX when so loaded will be refered to as plaJn i:^. We will not discuss the details as to 
now one actually types the input information, how this is saved as a file on the system, 
low one evokes the compiler, and how one instructs the computer system to print the 
inal document, as these features are highly system dependent. 
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Xovvard Book Quality 

Book quality text differs from ordinary typing in a number of simple but far from trivial 
wavs In the first place, a distinction is made between the upper case 0 and the number 
0 and between the lower case 1 and the number 1, then there is a distinction between 
hyphens dashes, and the minus sign. Also, your terminal should contain two varieties of 
‘single’ quotes and when you want a “double” quote you simply type two of the appropnate 
single quotes and T^X will space these correctly, as shown below. 

Hyphen En-dash Em-dash Minus sign Double quotes 
_ — - “text” 

$-$ “text” 


Name 
To print 
You type 


A word about hyphenation—TfeX can usually be depended upon to use hyphens correctly 
(when this is necessary to achieve right justification) and to avoid excessive hyphenation 
(by increasing or slightly decreasing the inter-word spacings within pre-assigned Umits). 
There are exceptions, and there are words Uke pres-ent and pre-sent where the positioning 
of a hyphen depends upon how the word is used. When IfeX either refuses to hyphenate or . 
makes a mistake, vou can gain hyphenation control over.the word in question by inserting 
one or more discretionary hyphens at accepUble locations, using the control sequence V-, 
as an example in the word re\-cord or rec\-ord. These will be ignored when not needed 
and they will print as normal hyphens when needed. 

TfX provides for the automatic substitution of ligatures when available, replacing ff b> ff, 
fi by fi, and H by ft, unless you specifically disallow it by typing either {f {}f} to get ff or 
f\/f to get ff (slightly more space between). 


A nice feature of plain TfeX, is the ease with which special accents and a few special letters 


may be produced. 


Name 

grave 

acute 

“hat” 

To print 
You type 

a 

\‘a 

e 

\’e 

6 

\‘o 

Name 

check 

breve 

long 

To print 
You type 

S 

\v s 

T 

\u\i 

J 

\H\j 


umlaut 

tilde 

“bar” 

dot 

u 

n 

y 

P 

\"u 

\~n 

\=y 

\ P 

tie-after 

cedilla 

bar-under 

dot-under 

ill 


k 

h 

\t\i u 

\c c 

\b k 

\d h 


To print 
You type 


oe,CE 
\oe.\0E 


ae,.'E 
\ae.\A£ 


a,.\ 

\aa.\AA 


0,0 

\o.\0 


l,L 

\1.\L 


■7 ' 


B 

\ss 


Note thot \i and \j give dotless i and j for use with accents. AH of the above spec.al 
symbols and characters work equally well in roman, ttalic, and bold type fonts. A few do 
not work in the fixed-width typewriter font. Many other symbols, mainly mathematical. 

are listed in the Appendix. 






Special Symbols 

•Should you wish these symbols to be printed in your fin^H .ssu.ng commands to TfiX. 
youf input file as shown below. ^ document they must appear in 


Symbol 

\ 

y{ and } 


Special meaning when used directly 
$\backslash$ Used to indicate the start of tvy t 
refered to as a baofcs/asi ^ 

t\« and $\)$ ^o^^bols. to indicate range of action of a control 
sequence to the encJosed text 

^be in ^ 

Alignment tab, used to delineate fields within a table 

Pieter, used to signify a field within a table or in a 
control sequence ^ 

•Superscript (also used as an accent, see previous pave) 
Subscript ° 

Comment symbol, the rest of the line is ignored by TfeX 

• Used to introduce a single space in locations where a Une 
break is not to be allowed. 


\k 

\# 

\1 


ttuing Commands to 

Commands to TfeX, as distinguished from the text itself consist nf h 1.1 u . 

^ name of the command (without an intervening sdIcc) and th ■ ^ 

,«a«en that are associated with the com” CLmmlrnle”"' S^r’ 
fpes, either 

^ must be terminated by a space if the L to be bv otht' 

l»r«ten. These alphabetic characters are often in lower nf 

^ tVonega* produces ‘u,-. Also note the basic distinction betwe^ non in ’ 
Uiacter command names which are not to be followed bv a .n / i 
*-Jly wanted in the output) and alphabetTc-Sai^tolmd? n* “ 
*ni»«ing space if they are followed by other alphabetic char“te^ ^ 

ammands are of two types. Over 300 command«i yaiicarj • ■ 

dlt-in vocabulary. Th^" there are c“ “utn^eZr^ir.^ 1^" 
astmcted from these pnmUives (or from other control sequences). ^ are 

any pf the primitives are normally used only to define rnntmi o i 

.unS "r'-SxTir.;, -.ts “ 
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foF example, the page size ('\hsize=6.Sin-\vsize=8.9in’)7: the desired margins, and 
the spacing between paragraphs (‘\parskip=10pt plus Ipt’). All of these latter are 
preassigned values in plain although they can be changed by the user. 

• Control sequences are used to simplify the typing of commands to T^, since they are 
shorter and much easier to remember than the sequence of primitives that they specify. 
Many very useful control sequences are to be found in the file PLAIN .TEX and these control 
sequences are, in effect, added to the basic vocabulary that understands when this file 
is preloaded with TeX. In addition, there exist a number of special collections of macros 
that 'I]eX experts have found useful for special purposes such as writing business letters, 
preparing internal memoranda, and preparing manuscripts for publication. iThe very first 
dine appearing in your main input file may. well be the control sequence \input followed by 
Xhe name of the file that contains the desired macro collection. Incidentally. TeX interprets 
a file name that is so used witj^^_file name extension to mean a file with the extension 
of .TEX, for example, \input MYMACS will cause the file MYMACS.TEX to be loaded. 

Plain TfeX understands well over 900 control sequences but many of these are self-evident 
from their names and others fall into a relatively few catagones, so that they can be easily 
learned when needed. Some of the more important of these are listed in the Appendix. 


Fonts 

TfrX provides for the use of as many as 256 different fonts, each containing as many as 256 
d^erent characters. Plain TtiX, as loaded, has 16 fonts that are assigned specif control- 
tqrence n^es. The defauUfont, called roman, is requested by the use o the control 
sequence 'Xmi'. If vou wished the entire text to be typed in boldface you would type \ 
before vour text. Lf. on the other hand, you want a single word or a phrase to appear in a 
.different font you should use the pouping symbols '{’ and '}' to delimit the range. 

For example tvping 'to be {\bf bold> is to <\=1 emphasize} sonething' will prCH 


The following control sequences are for the type fonts as shown: 


Xrm 

Roman Slanted 


\it \tt \bf 

Italic Typewriter Boldface 


Tvpe fonts also come in different sizes. To demonstrate, if you type: 

KteiTlaller and) {\nine™ smaller ^d> fXeightrm smaller and) 
_<\sevenrm smaller and) {\sixrm smaller), you get 

' smaller and smaller and smd,er and t.a.ier and .n..i,.., all lined up to a common baseiine. 
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ffhis manuaLuses iQ point type, as called for by PLAIN.TEX, and defined to be \tenrm 
Iftxcept that the author has had everything magnified by 1.2 (for beginners), by having 
^e.command. \magnif ication=1200’- appear ahead of anv text in the input file So the 
• actual sues, m.the above example, are all multiplied by 1.2. You may have al^ noticed 
that thjs manual uses ^slanted type' for emphasis and ‘typewriter type’ for things that 
you are told to type and for the messages that the computer displays. 


The characters wit^_a font, including those not on your keyboard, can be gotten by typing 
where <nuinber> is the decimal number of the character position, or by 
fa^g,.\c^<octal nuiDber>’ where <octal. nuinber> is an octal number. For example, 
^ \char;35 produces JE. Incidentally, the normal alphanumeric characters are at 
ascu positions regardless of the code that your computer may use externally. 


Another.way.to get symbols that are not on your keyboard is to define control sequences 
joUbem. For example, PLAIN.TEX defines ‘$\ne$’, ‘$\le$’. and for Y' ’<’ and 

^V«sp«ctively. Over 300 such PLAIN.TEX definitions are listed in the Appendii. 

Dimensions and Keywords 


understands a variety of dimensional units as keywords that are used without the 
These convey fixed meanings to TfeX when they are used in the proper context. These 
units and their meanings are: 


Unit 

Meaning 

Per inch 

Unit 

Meaning 

Per inch 

pt 

point 

72.27 

mm 

millimeter 

25.4 

PC 

pica 

6.023 

dd 

Didot point 

67.54 

in 

inch 

1 

bp 

big point 

72 

cm 

centimeter 

2.54 

sp 

scaled point 

4736286.72 


jpmetimes it is convenient to use dimensions that are relative to the character sizes in 
he font being used at the time. Two such units are the em and the ex. The em, used 
or measuring horizontal distances, is, by tradition, the width of the upper case ‘M’ but 
5 an arbitrarily assigned value in l^X that is the width of a ‘quad’. The ex is used for 
oeasuring vertical distances and is approximately the height of a lower case ‘x’. 

Co Use TfeX 

laving written a simple input file, say, MYFILE.TEX, which contains the desired text to- 
ethcr with a few control sequences that define your wishes, you may now call on 
3 operate on your file. On some computers you do this by typing: ‘run tex;MYFILE’ 
ince the correct-form can vary from computer to computer, the best thing to do is to ask 
imeone who knows what to do on your particular computer. Usually, will begin by 
fompting you with a double asterisk to indicate that you can then type the'name 
•your input file. If, on the other hand, the prompt is a single asterisk (or if you are 
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callin- for another file within a file) then you must precede the file name by the ‘\input’ 
comm°and thus: ‘\input MYFILE’. The control sequence \input must usually be typed in 
lo\'«r case and typing ‘MYFILE’ implies ‘MYFILE.TEX . 

The input file itself may begin by referencing one or more additional files (this time using 
the ‘\input’ command). These files may define some special fonts that are to be used and 
they may contain the definitions of some specialized, frequently-used, constructs (control 
sequencL or macros) that axe used to simplify the typing of the desired instructions. 
Once defined, these constructs can then be called by name as needed m the text file itself. 
Caution: Do not load up your working space with macros that you never use. 

The TfX pro«^am produces a DVI (device independent) file, that specifies each character 
that be printed to-ether with its font and its exact location in the printed document. 
?he DVI fik mTv re^ui^e some further trauslat.on before it is acceptable as mput to the 
available printer but on most systems this further action is usually automatic, 
at most a carriage return couhrmation. The DVI file is usually saved and it c^ then 
reprinted at a later date, perhaps on a different printer, if this should be desired. 

T lju fKtaf TnY Hops not need to know the exact shape of each character, but It 

doefneed t^toow the overall size and the details as to how the individual '^h^acte'rs m^ 
•au A- .r-oot rViarartprs fresultin^^ in ligature replacements or in kerning). Ihis 

infonnation the detailed information as to the exact configuration 

hand, do« ^ tr^plted and this information is usually contained in what 

lTnow“ fit. T^e ttts of files must agree as to the fonts that they describe, 

or chaos will result. 

Boxing with Glue 

There are a tew facts about the inner ^ might build a brick 

approa^es the t^k of or-a'.t'ng a pa 

the 1“ m ilrd^. w.th limits as to the minimum and maximum amount 

of mortar that can be used between bncks. 

J tr .nt terms which vou should learn to recognize. Instead of bricks, 
TeX happens to dividual words in your text), which it assemoles 

TeX talks about bboxes hlo mortar is used between letters so words 

out of simple ‘boxes, (the mdi x.‘kerninc" e there will be less space between 

always look the same. There-J^be.me ^ TeX then puts 

an o and an x , as in , hboxes (this time, a collection of words), using glue , 

these bboxes together “ ^ ^^^d inter-sentence spacings. The glue has properties 

fand, to ----hf;:t"dim“r 
‘pUIh'^Tfi-f m'oTral you have changed by typing Xhsrze a.2Srn, for example. 







Plain takes care of such details as i- u , 

afrer periods and by allowing these ‘riobs of elue^ ^ ^ 'I commas and 

allowed for the normal glue b%twee„°i:rd3 ° hLtl 

times wheiLit isLnpt.desired and then you should us^ .h k f cases, there are 

iW,. (that is. a backslash followed by a space) to tn ^ ^ siash-space control sequence, 
• use the t/e symbol,u^,in place of theLtraftlr T'T" " 

where it is also desirable to prevent the s ^ ^ 

^fi.abbreviation and the following number or word ^coken between 

^ctusUy, T^jX trc3.ts an entire nAracrr: 5 r\K 

many lines as are required with the individtlf hn« ^^in distribute the text into as 

excessive stretching or shrinking. If this cannof K a ^ requirement without 

TfeX will usually find several ways that the n \ hyphenate 

^way that it thinka is best.Thfpta^rpTw^^lrb^f^’ ‘"en ptk 

each of which should meet the sj^ifiad line width “ 

IfelCwill 

complain with an‘overful 1 hh > 

t^'have been specified. Your task then\sT^^°^’ ^^nable to meet the tolerances 

t overcome the diffiluky- ^ k, see 

« needed. Lacking such a remedy, you can forrp i'^’ ^ ^ discretionary hyphen 

pending line or earlier in the paragraph but this is sdd ^ 

?m|>ly to reconstruct the sentence or u desirable. It is usuallv better 

that you can anficipfl^ublT iTo"" ActuaJl'y. there 

learn through experience. provide for it in advance, as you 

Example 

KS; of'tht'^raiTts^ j'rh‘bao the 

» bit^ complicated for a beginoer but it does pIov.L'’^co 
. abstract terms. So do go through k imet - ^hte^^J- 

aay not permit thil'^ntcelT'^^of^Ilumf ,^0 instaJIations 

•gnores line breaks. ^ P^“' breaks in the input, just as it 

vfont\seal=stir^O X^Firl'I^trprl^fe \font\cscvcmcsc 

^denTeX{nke„-.te67enMo.er.s:.Xhhox<gn.ern 

'■agj,ification=1200 X This magnifies everythin k 
'IWrakip lOpc plus Ipt X This puts some emotv fna^ 'h^' 

•p«rinaent Opt . X Paragraphs are not to be indentld' P^^^graphs 



The next part of the inpul file contains; 

•Nnopagenumbers X The. title than nortial 

\nuU\vskip-46pt i Put the f ^ i,„. STAN-CS-83-98S> ■ 

khbox-to 6 . Struein {November 1983 AM J 

t A convenient way to make a box ot speci 

\vskip .liJi */• Skip down 0.1 Science\hfil (Version !))• 

Mine -(Stanford Department o omp divide tbe space evenly. 

.\vf ill--/.-This. and. similar- co^andsMater . 

\centerlineC\bf First-Grade \TeX> 

\vslcip \TeX\ Manual} 

\centerlihe{\bl A Beginner s \TeA\ « 

\vskip .25in 

\centerline-(by> 

\centerline{Arthur L. Samuel} 

\vfill 

SU'is basea on the P“-rrk%^r:rettor-airhl^^^^ 

j tih6 r’ac6nt wot yqo cvstsni its 

s s:.v. 

of this report was supp Development Foundation^ follow. 

IST-820/926 and by be used if other pages -ere 

\eiect\end 7. \eject, only. 


50 let us consider this exampiemoei . assi-n names to several fon^ 

-Xt: :r r. r:- 

that PLAIN .TEX ha « practice to start jard set. Mote that this same 

on the cover page but it is g T^K s sianOM dimensional 

fonts that you “ “baveXtucted TfeK to “PJ information had not 

control sequence „aeds) from the named file, if 

information that PLAIN .TEX- 

been preloaded, as it ^ n nrobably not need to cause letters 

f tViP TrX logo. You will proba y ^ example- It 

Next comes a their normal positions but i you^^ occasion to 

be artificially a'moXeTfor other control been wlaineb (under Fonts). 

r TX^Xgn^ffcatron' control sequence has al ^ ^ control 

Thecontro,seduence^parsKrp=tOpnplM^fP^_^^“ 

“-rdirn"“sU fo »ut this has 

rd ttchX" roXrs. IncidentiUly. plAimtX seta 



been redefined for this manual by ‘\parindent Opt’. Note that the use of the sign 
is optional but that a unit of measure must be specified even when the value is zero. So 
much for the first part. 


After telling that the title page is not to be numbered, the information for the title 
page staru with the control sequence 'Xnuir, which, as its name implies, normally does 
. DOtUng. & why use it? One of IfcX's idiosyncrasies is that it gobbles up extra spaces that 
you leave betv^ words, extra space between paragraphs, and any extra space that might 
be left over when it has just introduced a page break. So, without the ‘\null’ TWC will 
that the negative space called for by the ‘\vskip-46pt’ control sequence ^ left 
overfrom a previous page and simply gobble it up. The ‘\nuir control sequence starts the 
? j«w ^ by put^g almost nothing (actually an hbox that contained nothing) on the first 

^ started, the negative-space control sequence is honored, 

.^lic \Tskip pnmiUve is an example of a control sequence that takes a dimension. Looking 
rqfm the page, you will see other examples. 


..The n«t control sequence, ‘Xhbox to 6.5truein', also takes a dimension, but in this 
::*»se uwg the extra word 'to'. The dimension in this case is in true inches since I did 
. not want the value to be subject to the \magnification command. Two lines below this 
aether control sequence, 'Mine’, that does essentially the same thing, in the context 
examiJe, smce Mine is defined in PUIN.TBC to produce an \bbox to the current 
rlWcnsion of \bsue, which happens to be 6.5 true inches. Were I later to alter the page 
'0^ by changing \bsi 2 e, I would have to find and alter all control sequences of the first 
if I wanted the lines that they produced to still line up with the rest of the text 
W the \lln. form is better in this case. ’ 

y' ■ *• 

|.The text that is to be put in each of these two hhoxes is enclosed in grouping svmbob and 
^contains still another conUol sequence, to wit, \hfil. This tells IfeX where to put the 
space needed to fiU out the text to exactly 6.5 inches, with the text before the Xhlil 
ilBuab left and the text to the right of it 6usb right. Without this \hf il control sequence, 
.;TeX complains (Underfull box (badness 10000)), and then it would print the first of 
/these tivo lines as; 

November 1983 Report No. STAN.C)S-83-985 


But to continue with the example: \centerlane is another control sequence that requires 
the use of grouping symbols to enclose the text to be centered, that is, if you want more 
than the single next character to be centered. Then there is an embedded control sequence 

within the grouping symbols which specifies that the centered text is to be in bold face 
type. 


It can be a bit confusing to observe that some control sequences take arguments within 
groupmg symbols while others are embedded within the grouping symbols along with the 
^ that they'affect. There is always a logical reason for this difference in treatment, 
''nen has interpreted the centering command, it must look ahead to determine how 
much text there is to be centered before taking any action, and it expects to find this 
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information within a pair of grouping symbols. By way of contrast, can start putting 
text in a different font without needing to know the range over which this command is to 
be effective. So, if you want the range of action to be limited, you put the font designation 
within the grouping symbols and the former font choice is reinstated when the closing 
symbol is reached. For a more detailed explanation, see “The TfeXbook” by Don Knuth. 

Next note the use of three \vfill controi sequences to divide the excess verticd space 
that remains available on the page into three equal portions. The fact that I ^sed o^® 
in \hfil and two in \vfill was deliberate, to call attention to the fact that both for 
work for both horizontal or vertical fills. The double-1 variety simply is more stretchable 
than the single-1 variety and will do all of the stretching if both forms are used toge er. 

Finallv there is some normal text at the bottom of the page and then the commands \e j ect 
\ nfthat to lioish on the page, to Cose out the DVI Ble aud to termmate the 

session Had this^ge been a normal text page, I would have 
the reconunended way to stop, defined as 

o.rr:.nh rhecks to sec that there is no text yet to be processed and caus^ the las 
pagi’to be fiuid out with blank space, if necessary, instead of spreading out t e text to 
occupy the entire page, as we wanted m this case. 

, wiU help yoP-nderstan^^^^^ 

that you have ^ Unless you are extremCy lucky, you wUl be apt to get ^ 

rraTfhir^orwillnotun^^^^^^^^^ 

o- - type .hssxe.truesn.. a 
space, Ld then \input and. the name of your file. 

Understanding Error Messages 

Most of the errors that the beginner is apt m m^e, 

do with 1) missing or Xerunrrsttk i^oTL principles that TeX ..es 

^e^rrhrtotr’e” thl text into lines and these lines into pages with the result that 


in 

YOU 


ask it°to do some quite impossible things. 


will report that condiLn exists. Usually, it ^‘11 have 

missing and ^ due to a mismatch of grouping symbols. So 6nd and 

reported all ^„her. A somewhat similar problem may arise if you do 

fix such troubte before ch«k 8 message “Missxng $ xnserted 

having normal text has been improperly handled. 


not 


but only after some 

f „d if vou tell it to do something out of context, for example, to do 
-IfcX may get confused if you ^ ^ sentences when it is busy putting 

something that ^ be operating in any one of six different 

sentences onto pages. At any given c/ 
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mO(Jr<, A ii] Lt ^ 

vou do i.oi under,-:..::.; .... trro- message that 

, domg. U;tcn the noi;.. ,,,;; ur,.-a. il tl,ought that it was 

» ..,.v I, /('over fro::; :/:e error. 

Finaliy, you noct; i,, ...; ^ v. o';,.: - r v , • 

arrwuri: of ‘rMdv..:s' 'r^ '-‘-’e text by considering- the 

, assigrred to each poss.bie nuc oreak oouu".-su ^enaJci^ are 

a penalty if you wisn. These pen.mj'es ‘^‘-'cahy. although you can specify 

each particular place. Lemerns are a^signed^'j i' rV' ^ ^'■‘eak occurring at 

departure from the ideal. 2) for lire presence of ad^Z , r" ^ to its 

too much in their inter-word spacincr or that am " i other 

example, in both ending with a hyphen, a^d 3) ^ ways, for 

^^■ldow word to appear at the top of a new page * P^^graphing, such as leaving a 

If IIeX is unable to hnd solution tha- wO- rv 

. usually about the -oadness-, an".";; tolerance limits, it will compl.n, 

you want TeX to ue mo.^e toier.mt, vou can uicret^ Should 

say, 1000. *• '■aiueo: xtccerance from 200 to, 

The Six Mode.', 

U hen TeX is processinii vou: le' t it i<; r. -i-r »■ 

of operation. The deca.is'need con«rn"you' onK-'whel TpX?eon’'r™ 

or when yon are do.ng aomerh.n, specai „he ..ahing a tSde ord'yay^ir^t^^/^^^ _ 

t?setf;;Xmt;r"s'^ 1 ^^ /node when TeX is putting letters 

for making tboxes after the line oreaks are ;ioTeirir2; 17 " 

IS stacking these bboxes (or aireadv ofen irnd vO ■ ^ ^cnicaJ mode when it 

switches front bon.on:ai n.o.i. “ =° ^ 

indicates that it should oe i.n the venicuJ motw ' something that clearlv 

or the contro, se,„ence .par, both of “ -P- Uni 

type control sequence, suen ,t_. \.. f. 11 xv^r-- ' \ h 1‘ 2) a v- 

ctampieon page y Ti.-.X umehes from ' "I 

an ordinary ciiar;..i:e.- r „m. . ‘ ', ■•'ode when it encounters 

e.vamplc. as \i.-.Jcr.; . ■■ ' • ,'.; 'p ■"■'• oo’^ -"’ooe rontro: sequences such, for 

. 

The .'di.'y mcnft'f ,i;.- 


V ertic:.. 
Honro::-:.;; 

Internal v- 

Resfru. :•■,; 

.Math 

ih.spi.T. 


'-'•I v\ iiLi: 

‘••‘Un vertical ll.^a ;or a pace 

■ ‘ ■“■' '‘^aj u.^t for .1 PHr.agrap.h 
’• <■’ tlClO ll-t for a vhir.X 
• 'inx iiPU :!ot lo; a:. 

■i.une:tiar;r;J formula for a ho;;.v';;:, 
:.>r:;v;:.. o;; a 'efxir.ite hn-- 


• li 
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the entering and leaving of the math mode by the use of f ^ 

Jth f oroula>$\ and the entering and leaving of the dtsplay math mode by ‘he use 
of a pi of signs as in 'SSefor.ula to be displayed>$$h The display math mod 
is also useful for tables that may not actually involve mathematical 
centers material on the page and introduces a space above and below the mate . 

A typical use of ^ "-^™e”n‘le“'v°ert,^ 

mmMrnrn^m 

or start a display; a single line is always produced. 

Making Tables 

TeX provides two different methods for taUes^tlt may extend over 

typewriter’s are preserved when you Introduce 

Tm" orl^l text ('or even trith a ™ 

different set of tab settings). This ‘ P ^ ^ columnar alignments. The 

same page or even on different pages, So be. either by giving 

disadvantage is that you ^ So be evenly spaced, or by supplying a set 

the number ^'i”^"®,os.„est entry for each individual column. This works weU 

;?i:S"t:brestur^^^^^^^ a^S^mt . do H the tab. contains a mixture of 

fonts and if the characters used are of varying widths. 

The more general method, which 

positions for each column to meet the P<r“> ^.^shod allows you to achieve an 

that goes into these “ ““with a possible^ck of uniformity between different 

optimum design for each a e, made using this method. Having made 

tables. Most of the tabte in this ■”“"c^7„sr^ J even to add another column, 

these tables, were I to find it necessary' adjustments. This method should not be 

1 could depend upon TIeX to m e ^^^^le in order to 

used for large tables that span many pages, as ifiA m 
determine the column widths. 

The ‘Xhalign’ Alignment Method 

The table near the bottom of page 4 will be used as an example. This was typ 
UX.POX {Xtt Nhaugn <Nhfrl «Wil kk Xquad Wrl SXhtil Xcr 
^XrEon'all'Os^sUtr/k ufiralick \tt Typewrrterk Xht BoldlaceXcr 

))S* 
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Note that the first line and the last line are j 

, rnatenal that actually goes into the table Lne “P ‘•'e t»ble while Ih. 

■ to introduce some space above and S'irAr”’'’r “ ‘be table and 

• ‘ .the with the \vbox 

,;;the additional effect of prevent ie^rl" rLTr^T^ 

:P»t foUows, and the very last •}■ p 4« The 

' that is to be put in the vbo*. Si«e ‘b»‘ *&e tie’ 

t>'pe, we start with the ‘\tt’ cnntr^/ “^ch of the materia] is to be in ‘tvrhA •* . 

sequence that requires a second r then comes the ‘\hali^’ 

- - -!£.•; - 

The rest of the hrst line contains the first 

“ ‘ ‘“P'?** ‘b« specifies how the different colZt’ P"“‘b/e. This 

,«{»» by retemng to the material that is to eo Z be treated. It d,^ 

^^1 -r. while the different columns are eeparate^^t^^f;;^-; 

(by XtogVh'^^’ ‘b»‘ ‘he. 

g »me way from the other columns, -finally i^atkT^rh'^t 
^ ^e subsequent columns are to be treated fh» j ^ ^ this case all 

““ *'™ * ^J’“boU tileU iSTto^ ^ ‘bie 

^hed using the same pattern that appears bet^i^i^af Tu as arc later 

^ of extra apace U put before the second and suteLuenf^ T \cr. A 

S^te. toadentally, the t symbol has the useful ^oertl r '“‘“nuu 

»« u^ediately follow it, so I have added spac^afte?^^ “>■ =Peees 

-spotrol sequences) to make the example easier to read. =>’“bols (as well as after the 

Wtor the preamble there fallow the two lines nl ^^r,. i i. 

mes of the resulting table. There is nothing unusual^ ® ‘b-* ‘w 

■he use of backslashes in pairs to tell TbY thai ii. k i ** bPc except for 

•efiPtoS -W to mean *\ba"ckslal*) i^s^»dtet^?'’“ .•>' P""‘«J 

s be pnnted in a different font. You will note that w* k unusual since each col umn 
the range of action of the font.sp.“fymg omr^s^" ‘<> 

f automatically hmito the This is beause the 

he individual table entries where they are IfT„ r to 

Pj^C entiy, then the default font is used This table h" Wears for any 

•bl- one simply adds as many lines as desired, always ending ‘e^Jr.-th‘a tr'“*“ ’ 

X r * . 
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A slightly more complicated situation is illustrated by the table near the bottom of page 2. V 
Here, the amount of material to go on each line is such that it is difficult to decide how mucA 
space to leave between the different columns. So we leave this decision to T£X by removing 
‘the \quad command from the preamble and by specifying a value for the stretchable glue 
that is to be put between columns (and at the left and right) by a \tabskip. controi 
sequence. The table specification (which follows the usual ‘SSXvbox-C’) then becomes: 

\tabskip lem plus 2em minus .5em 

\halign to \hsize {\hfil #\hfil icic \hfil #\hfil \cr 


The specification \halign to \hsize tells to use the stretchability and shrmkability 
of \tabskip so that the width of the line is the value of \hsize. 


We will not be concerned with the details of typing the text material itself but one addi¬ 
tional feature is worth noting. Extra vertical space has been inserted between the different 
sections of the table by extra fines in the source file that read ‘\noalign {Xbigskip}’, - 
where ‘\bigskip’ is defined below. In general any desired extra (vertical mode) mate-^^^ 
rial may be so introduced, including one or more fines of text. PLAIN.TEX defines ^^^ee^ 
:onvenient vertical skip instructions and it is usually better to use these, for reasons o ^ 
jniformity, than to specify any specific \vskip. These control sequences are: 

Macro Equivalent to 

\smallskip \vskip 3pt plus Ipt minus Ipt 

\medskip \vskip 6pt plus 2pt minus 2pt . 

\bigskip \vskip 12pt plus 4pt minus 4pt 

The table on pa-e 3 is an example of a still more complicated situation in which the , 
naterial to go into one column is too long to be contained in one fine. This requires,. . 

.everal new features in the preamble (following ‘$$\vbox{\halign<’) which reads: . 

at \hfil n\hfil \quad b \tt \hfil* #\hfil \quad k 
\Vtop •(\hsize=26em \strut #\strut)-\cr 


'he first thmg to note is the use of a \vbox, this time a special onetaUed \vtop, to contain _ 
he text for the last column. The \vtop differs from a \vbox m that ,t is aligned at the. 
.aleline of its top line. The width of this box is defined by \hstae-26em. a figure that. 
as determined bv cut and try. The \strubs were introduced to m^e sure that the tpace. 
llowed for the \vtop would not be adversely affected if the first line of text in the box 
ad no tall letters or if the last line of text happened to have no descenders, since \vboxes- 
re normally made only high enough to enclose the materi^ that they tootain. A \st«t 
roduces a «ro-width invisible box of the correct height and depth for the font being used 
n^dentaily, a character can be assigned a zero width and still not be invisible. It would, 
till print, but then it would be over-prmted by the next character. 

f you want to make tables that are significantly more complicated than those used so f^,- 
ouZed to be an expert, so you will have to study The TE.\book, The following sample 
lustr^tes still other features. This example is taken from The TfcXbook and attributed to 
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f 


:|chael Usk as pubUshed in the Bell Laboratories Contpnting Science Technical Report 


AId:T Common Stock 

Yeai 

A *V. J 

DiviJeiuJ 

1971 

41-54 

$2.60 

2 

41-54 

2.70 

3 

46-55 

2.87 

4 

40-53 

3.24 

5 

45-52 

3.40 

6 

51-59 

.95’* 


' * - - J J 

This table was produced by typing: 

$$\vbox{\tabskip=Opt \offinterlineskip 

\haligB tol50pt{\stnit#& \vrule#\tabskiD=lem Dlu<j 9 ^mir x 

\hfil.\hfiltt \vmleet \hfil« \erule.uLs“p=Opt\cTwu“A\"“ 'r 

t 4 \muUispartS\hfil AT\4T Common Stock\hfil4 \cr \noLgn<U^^ur 
4 4 \omit\hldewidtb Year\hidewidth4 4 \omit\hidcwidth Price\hidewidth 4 4 
\omit\hidewidth Dividend\hidewidth& \cr \noalign{\hrule> 
k & 197l& k 41--54& k \$2.60k \cr \noalign{\hrule} 
k k 2k k 41--54& k 2.70k \cr \noaligii{\hrule} 

k k 3k k 46 55& k 2.87k \cr \noalign{\hi-ule} 

k k 4k k 40"53t k 3.24k \cr \noalign{\hrule} 

k k 5k k 45 52k k 3.40k \cr \noalign{\hrule)- 

k k 6k k 51—59& k .95\rlap-»& \cr \noalign{\hrule} 

\noaligi!{\smallskip} 

k XmultispanT* (first quarter oaly)Xhfil\cr}}$$ 

The most obvious difference, between this table and the ones discussed so far is the use 
of so-called 'rules', to enclose and sepaiate the entries. You will also note that one entrv 
extends ove.^ several columns within the area defined by the outside rules and the last entr^ 
also extends over several columns. Finally, while the numerical items in the Year column 
and in the Dividend column seem to be ‘flush nghc', the words ‘Year’ and ‘Dividend’ and 
entry ‘.95" are certainly not. 

Referring to the listing, we first reset some parameters. Setting Xcabskip-Opt mav not be 
needed since \tabskip is usually set to zero, but this is a precaution. Itx normally outs 
some tabsfap glue before the first column, between columns, and after tt last column ,n 
each line o, m aJignment (if Ncabstip is not zero), and we will want to take advantage of 
this feature later to help center the entries. ^ 


The \of f inte^ineskip control sequence is used to set the usual interline spacing to zero, 
ihis prevents T^\ from interposing glue between the the individual \vrule segments glue 
that would prevent them from abutting each other properly. Having done this we must 
then specuy the vertical space assigned to these \vrules (and to the text as well) by using 
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a \ 5 trut. As explainetl earlier, this produces a zero-width invisible box of.the corr^ 
height for the font being used and the \vrules are, of course, produced to this h?ight.^^^ 

5 t 

The \haligB .to <dimen> comes next, then the preamble. The first thing to note about, 
the preamble is that eight columns are specified, not just the three that contain the dati 
A template is specified for each column. The first template contains # \sorut, but rio 
values are specified to match the # sign so only the \strut is ever p^t,in this column^ 
but this does fix the vertical space allowed for the \vrule segments and for the text. The 
initial k in the listings of the row data that follow the preamble is ajl that is necessa^/ 
to cause the \strut to apply to the entries in each row. The four \vrule segments in. 
each row after the first are similiarly called into action by the second, fourth, and sixth t( 
symbol in the row specification and by the final \cr. . 

The first row of data containing ‘ AT^T Common Stock’ is an exception to the general rul< 
in that this caption spans five columns as signalled by the control sequence Xmultispan 5 
The next row also Illustrates how you omit the application of the formatting rules specifi^^, 
in the preamble by using Xomit control sequence and how you prevent the widths of the 
entries from being used to determine column width by the \hidewidth control sequenc^ 
Finally, the \rlap command is used to overlap the • symbol in one eot^ so that its width, 
is not considered in making the alignment. One final detail: note the \Qoalign<\hm el 
statements that define the horizontal rules. 

The Fixed-Column-Width ‘Xsettabs’ Method ^ 

The fixed-column-width \settabs method can be used in siinple c^es when the fix^ 
width restriction is of no consequence. It also functions best where the entries can all be 
Tf r Id ThP table on pa-e 4 does not meet these restrictions but it will reveal most 
left align • you°are apt to encounter. So you type the following, noting the 

us:t: rC errof^u^ence to s^art each row and the 'Ncr- control sequence to end i. 
$$\vbox{\tt \settabs 5 \columns 

\xt Italic^. \tt Typewrxterfi: \bf Boldface\cr ' 

}$$ 


You '’et five columns, each flush left. 


Xnn 

Roman 


Xsl 

Slanted 


Xit 

Italic 


Xtt 

Typewriter 


Xbf 

Boldface 


1 1 rae ntsrrnwpr bv Calling for an extra unused column. You can 

You can make t e co introducing ‘Xhf ill’ control sequences both before and 

center the text in sequences will not work) and by adding an extra ‘t’ 

after each entry (u ^ handle the last column like all of the rest). 

IToUhtgetsLt: r — than^ use the ’XhaUgn’ method but you can type:. 





^^y^>ox{\tt \settabs 6 \colunms 
^ \A{:'fiii\\nn\hfiimhfill\\sl\hfilli: 
j\hfill\\it\bfill&\hfill\\tt\hfilli£\hfill\\bf\hfillt\cr 
y\rm\hfill 11 IT. J\bfilltM , 

ill Typewriter\bfillt\bf\hfill Boldface\hfill^\cr}$$ 
*£^he Variable-C-Tplumn-Width ‘Xsettabs’ Method 

The variable-coluimi-width method line does a somewhat better job. This method requires 
you to supply a sample row for the table, which you type in place of the ‘5 Xcolumns’ 
on the first line (this sample is used for dimensions only and is not printed). You use the 
largest entry taken from each column and you add some desired amount of space between 
entries. In this case the sample line will have all of its entries taken from the second row 
of the table, which is a bit tricky, since these entries are all in different typefaces. 

Here you type: 

$$\vbox{\tt\settabs\+\rm RomanicXquadXsl Slanted* 

XquadXit Italic*XquadXtt TypewriteriXquadXbf Boldface*Xcr 

X>XhfillXXnnXhfill*XhfillXXslXhfillt 

XlifillXXitXiifill*Xhf illXXttXhf ill*Xhf illXXbf Xhf ill*Xcr 

X+XrmXhfill RomanXhfill*XslXhlill SlantedXhfill*XitXhfill 

ItalicXhfillfcXttXhfill TypewriterXhfilltXbfXhfill BoldfaceXhfill*Xcr}$$ 

to get a table similar to the one on page 4 except for a slight difference in centering. 

Typing Mathematical Formulas 

Math formulas are, by tradition, printed using different conventions from those used for 
printing ordinaiy' text. Some of these differences may seem quite trivial but they contribute 
greatly to the legibility and yes even to the beauty of well-printed mathematical texts. 
Fortunately, TgX knows about these math conventions and can usually be trusted to 
follow them. 

Some of these conventions are: 1) .Alphabetic characters are printed in math italics father 
than in a more normal font and math italics differs in minor detail from normal italics. 
2) Many special symbols are used that are not available in the normal text mode, such as 
Greek letters and conventional mathematical symbols, >, <, s;, etc. 3) The spacing 

conventions are different from those used in ordinary te.xt. In fact, TgX completely ignores 
the spaces that you use in typing formulas and applies its own spacing rules (e.g.. x + y 
instead of i -f y or x+y). 4) The alignment rules are also quite special as you will observe in 
later e.xamples, and many symbols are frequently printed in enlarged forms. 5) Superscripts 
and subscripts are used and these are normally automatically reduced in size, such as in 
X* (typed as $x*{a‘b>$) or as in Xa^ (typed as $x.{a.b>$). 6) It is also customary to 

usq a somewhat different style for printing formulas that are displayed on separate lines 
from the style used for formulas within text. 


A math mode formula is enclosed within either single dollar signs if the formula 

is to appear in a line with ordinary text, or within double dollar signs 'if;tile 

formula is to be typed on a separate line, in so-called display math mode. 

Eight different styles of math typesetting are used, four regular styles and four “cramped^’ 
variations. The letters and numbers are typeset in three different sizes, these being text 
size (x -I- y — a), script size (i+y-z), and scriptscript size (*+v-*). If you want to enforce 
a size that might not otherwise use, as was just done, you use the control sequences 
\scriptstyle and \scriptscriptstyle. The display style and the text style use the 
same size letters and numbers but differ in the sizes used for large operators, in the po" 
sitioning of exponents and in the way they handle fractions. Should you want to enforce 
the use of either the text style or the display style, you can use the control sequences 
\textstyle or \displaystyle. A discussion of how these styles are used in fractions will 

be deferred until later. 


Svmbols classed as large operators (including the ‘summation’ and ‘integration’ signs ^ 
and /) are printed in a larger size when in display math mod^from the way they appear in. 
normal math mode. If you type $\sum_{n=l}‘in$;you get Yl7=i 

\infty>‘{-^\infty>$ you get On the other hand, these same expressions typed as^ 

display formulas yield; 

IZ and 


--i-CXD 


n= 1 


-oo 


The control sequence \nolinits will cause the summation sign to have subscripts and 
superscripts just as in the text mode, and the control sequence \limits. if typed after the 
\mt will cause the integration limits to appear above and below the integral sign thus: 




and 


+ OC 

/ 


c 


The following exiunple illustrates the way in which TeX will increase the size of cer¬ 
tain svmbols and will make the horizontal lines long enough to extend over the subfpr, 
I t k which thev appiv and high enough or low enough not to bump into it. T>pipg. 

$W{l-\sqrz<lAsqrz(lA=qrt(l.\sqrt(lAsqrz(l-x}}))}}$$ produces: 


*c 


\j ‘ + V'" V 




1 


+ X 


-1-1 „ control seouence 'hover' is used to specify fractions, and the fraction line is made 
7nn° as L'eded TlaX assumes that everything within the same sub-formula grouping 
r.for7the -W r^ c^trol sequence is to go above the line and everything that follows, 
"^mn within the same suWormula grouping, is to go below the line that 'hover generates. 
rv:u-iaiit. called ‘\above’, allows you to specify the weight of the line, thus. 





-M- ■ 




Si^<*i\.o.ver l + b}+c$$ yields j ^ 4- c and $${a\above2ptl+b>$$ yields 


1+6 


. s an aside, there are four related control sequences (while in display math mode); 
{aXatop l>b> {nMXcboose !•> n} {mXbir.c'' n.-iX that yiel-i; 


a 

1+6 



m 

n 



-fTpC provides a somewhat similar extendability with respect to parentheses and other 
elimiters, this time to extend them vertically as required. By using the control sequences 
.left’ before a left delimiter and ‘Xright’ before the corresponding right delimiter, you 
in let decide as to the correct size of delimiter to use. The ‘Xleft’ and ‘Xright’ 
ontrol sequences have an auxiliary function in that they also act as grouping symbols so 
is not necessary to use the ‘-f’ and *)■’ symbols with them (unless, of course, these are 
ac delimiters to be printed, and then they must be typed as \{ and X}). It is necessary 
a use'the Xleft and Xright control sequences in matching pairs (although the delimiters 
hemselves need not match). 

.'he following example illustrates these features: 


You type $$l-^Xleft(lXover l-x‘2Xright) *3$$ 


to get 


1 + 


1 

1 — X- 


This example introduces yet another feature, namely the handling of exponents, which was 
illuded to briefly once before. The ‘“’is used to indicate a superscript and its companion 
he is used to indicate a subscript. Both normally apply only to the next character 
» you must use grouping symbols for those cases where a multi-character superscript or 
subscript is to be shown. Thus if you type: 


32 


$$l-^Xleft(iXover l-x‘{2l}_3Xright)‘<32>$$ you get 1-I- 




\ series of control sequences for specifying delimiter sizes are available for use in situations 
.vhSre T^X may not make the desired choice. For opening delimiters these are. in order 
of increasing size: Xbigl. XBigl, Xbiggl, and XBiggl and for closing delimiters they are 
\bigr, XBigr, Xbiggr, and XBiggr. It should be noted that the Xbigl and Xbigr delimiters 
are larger than ordinary ones so that the difference can be perceived, yet small enough to 
be used within the text of a paragraph. Even larger delimiters than those named can be 
made by using the Xleft and the Xright conventions and by adding an empty \vbox of 
the appropriate size within the field when necessary. For example, you can t} pe: 

$$\left(Xvbox to 27pt{}Xleft(Xvbox to 24pt{}Xleft(Xvbox to 2lpt{) 
XBiggl(Xbiggl(XBigl(Xbigl(({Xscriptstyle({Xscriptscriptstyle 
(Xhskip3pt)>)})Xbigr)XBigr)Xbiggr)XBiggr)Xright)Xright)Xright) 

(With sets of three similar lines added for brackets and Tor braces)$$ 
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to get 



j-g^Qgjiizes 16 other bsisic delimiters th3.t c3ji be obtained in different sizes, either 
by using the \left and \right technique or by specifying their size as illustrated above, 
for parentheses, brackets, and braces. There are restrictions as to the sizes available for 
Mangle, \rangle, /, and \backslash, but not for the other extendable delimiters. 

Additional extendable delimiters for use in Display Math mode. 


For 

I 

J 

f 

1 


You type 

Ufloor 

\rfloor 

\lceil 

\rceil 


For You type For 

{ Mangle 1 

) \rangle || 

/ / 1 

\ \backslash fl 


You type 

\vert 

\Vert 

\uparrow 

\Uparrow 


For You type 

I Xdovmarrow 
^ \Downarrow 
I \updovmarrow 
^ \Updovraarrow 


Before considering matrices and other uses of large dehmitem. let us dispose of the matt-r 

!f frLcUoL It is usually wise to avoid the use of more than one \over rn an equation 
of fractions^ subexpression. In 

“ct.hTsTften preferable to use the “slashed" fraction form, particularly for mathematical 
expressions that are not printed as separate displays. 

j o one \over YOU probably should introduce our old friends 

\stru/^id \diIplTyItyle to keep the spacings and character sizes from shrinking alarraV 

ngly. Certainly, 


Go 


1 


Gl + 


1 • 1 
02 H- 


03 + — 
Oq 


typed as $$a.O-^{a\over\displaystyle a.l> 

<\strut l\over\displaystyle a.2-^ 
<\strut l\over\displaystyle a-3^- 
{\strut l\over\d,isplaystyle a_4>}}S$ 


)oks betier than 


Go 


a I + 


a? -f-' 


hich is what you get without \stnit and \displaystyle. 

■nht renroduce this example and make several copies, one without 
ing "trur^d°a;^oTh°er without \displaystyle, to reve^ the exact effect of these refine- 

ents. 


1 
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Perhaps the most common use of large delimiters is in printing matrices, where the Xmatrix 
macro can be used. This macro is similar in many respects to the \haligu macro that 
was discussed starting on page 12 eyrent that Xmatrix on'y ’vork-<^pn m'^^h mode, and no 
template need be supplied. To get: 

~ ^ f ® ^ $SA=Xleft (Xmatrix{x-Xlambdai:li:OXcr 

0 X - A 1 I you type Otx-Xlambda&lXcr 
0 0 I —Ay Oi:Otx-XlainbdaXcr}Xright)$$ 


It helps in typing a matrix such as this if you line up the columns, which you can do since 
T£)X pays no attention to the spaces that you leave. So you might type: 

$$A=Xlef 11 Xinatrix{ 

x-Xmu i£ 1 to Xcr 

0 & x-Xmu k 1 Xcr 

0 & 0 & x-Xmu Xcr 

}Xright I $$ This, of course, produces: 



X - /i 
0 
0 


1 

i-/i 

0 


0 

1 

I -/i 


since I used vertical bars instead of parentheses, and I substituted Xmu for Xlambda just to 
be different. If you are wondering how I was able to preserve the spacings in showing you 
what I typed, I used plain TgX’s macros, Xparskip=Opt Xobeylines Xobeyspaces. 

Ellipses (i.e., dots) are used in many places but they appear to good advantage in matrices 
where you might type: 


$$A=Xpmatrix{ 

a.{ll}ia_{12}&Xldots&a,{la)Xcr 

/Oil a 12 

• • Qu \ 

a.{2l>&a_{22}i:Xldotsi:a.{2n}Xcr 

(l2l ^22 

• • Q2n 

to A = 

Xvdots&Xvdots&Xddots&XvdotsXcr 


• 

a.{ml>&a_{m2>(feXldots&a.{mn>Xcr}$$ 

V (2 rn i rn2 

• • ^rnn / 

Here Xpmatrix is like Xmatrix, but it puts parentheses in for 

you. 



The Xldots control sequence (as in the above matrix) is used between letters and commas 
while another control sequence, ‘Xcdots’, is used between signs and similar operators as 
in a + 6 + • • • + Incidentally, a single centered dot is a Xcdot. Still another control 
sequence, ‘Xdots’, is used for ellipses in non-math text ..., when needed. 

Single braces are often used in referring to different cases and plain T)rX provides a con¬ 
venient macro, you guessed it, called Xcases. This bears a remarkable resemblance to 
Xpmatrix except that, 1) only one delimiter, a brace, is printed, 2) the entries are ad¬ 
justed flush left in each of two columns, and 3) the material that appears after the ‘ic‘ 
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Tibol is not in math mode unless specifically surrounded with ‘$’ symbols. Fpr example, 
get: 



2, if I > 0; 

— I, otherwise. 


u type 


|xl=\cases {x.tif $x\geO$;\cr -x.^otherwise.\cr}$$ 

1 ‘Meft’-specified left delimiter without a matching right delimiter is needed elsewhere, 
u can use ‘\right.’ as a null right delimiter, where the period is not printed but acts 
terminate the extent of the grouping (as it affects the size of the beginning delimiter), 
nilarly, ‘left.’ may be used to specify a null left delimiter. 


tman characters and words may be printed within mathematical formulas using three 
ite different mechanisms. For only an occasional letter or word, you can switch to roman 
d type: 


$\exp(x-^-C\rin constant})$ to get exp(r + constant) 

lis will still work for several words but, since spaces are ignored, you ha\e to use the 
Qtrol sequence ‘\ ’ to preserve the spacings between words. 

le second way is to use a \hbox. Thus to get: 

+ lower order terms you type $x“3+\hbox<lower order ter3is>$ 

lis scheme was used to type this very example and it has been used extensively through- 
t this manual. It has two obvious disadvantages, 1) the current (text) font will be used, 
d it may not be the font you want (but this can be fixed) and 2) the content of the 
X will always be in the same size unless extra precautions are taken when the words are 
meed in a different size, perhaps for use in a superscript or subscript. 

nallv, if you plan to use a word or a fixed sequence of roman typed words frequently in 
ferent mathematical formulas, for example the sequence just used, then you can assign 
lame to it as one of your own macros thus: 

\def\lotenEs{\hbox{\rn lower order teras>> 

lereaficr when you want the sequence ‘lower order terms’ you simpiy type Motercs. 
le above example would then be typed as ‘Sx'S+XloterasS’. 

ice the names of the common mathematical function are always set in roman type, the 
lowing control sequences have been predefined in plain TgX: 


\arccos 

Vcos 

\csc 

\exp 

\ker 

\limsup 

\min 

\siiih 

\arcsin 

\cosh 

\deg 

\gcd 

\lg 

\ln 

\Pr 

\sup 

\arctan 

\cot 

\det 

\hom 

\lim 

\log 

\sec 

\tan 



\ J.ia 

\irf 

\ 'I • ... 

\.:,ax 

\ C. 1.1 

\tanh 


control sequences lead to roman type with appropriate spacing Certain nf .k 

ated aa large operators Oust like \suji,), to wit: \det kgcd tt \inf , ^ 

rp, koa. \.to, \Pr, and \sup. The following example^ am tk^en 'm^The T^Xh ^t’ 

arranged to use the \cases control sequence, to demonstrate that Vcales 3^woS 
irger array than previously shown. \cases will work 


' To get 

sin 26 = 2 sin ^ cos ^ 

I O(nlognloglogn) 

Pr(X > x) = exp(-i/;^) 
max logjP^ 

I <n<m 

sin I 

lim -- 1 

I— 0 X 


You type (while in math mode) 

\sin2\theta=2\sin\theta\cos\theta 

O(n\log n\log\log n) 

\Pr(X>x)=\exp(-x/\niu) 
\displaystyle\max.{l\le n\le m>\log. 2 F_n 

\displaystyle\lim.{x\toO}{\sin x\over x}=l 


entally, I wanted these examples to be soaced a r 
ith the spacing set by \cases So I d \ , 

.-pt the last one). \noalign<\vskip2pt> after every \cr 


t peld'orfeomma'tfthe T" ' 

a the formula . in te« (eTn ■in'^:L e^tremrre^wht^^ ^ 

:ut it; t 

attons used so far in this manual (so as not to°c:nfut yol" bt itult utgtm 

mbenng isolated display formulas poses-no special problem as olam TrV n d 

ttrol sequences, \eqno for numbers that are to go on the ri-ht ^ndP^-»des two 

■t are to go on the left. In both cases, these contlHequellslo jter “,““'1" 

.nbered. They act much like our old friend t in that they sepa/ate two filldl I- 

the left IS part of the formula and everything to the right up to the termina’tmlls '"m 
pear as the equation number. ^ rnunating $$ v\ ill 

lus, $S(x^y)(x-y)=x'2-y-2.\eqno(2l)$$ will produce; 

(x + y)(x-y) =x^ -y^ 

you type, $$(x^y) (x-y)=x- 2 -y- 2 .\leqno[ 21 a]$$ you will get: 

H. (x + y)(x-y} =x^ -yV 

3e formulas are centered m both cases (without rePTrd frar ck 

imbers), and the formula numbers are in math style unless youMeaTlotfe™Li°™“'^ 

veraJ display formulas, appearing together, can be ali<med at anv doci d i • r 
equal sign perhaps) by using the control sequence \e;alrgn, which wlrks ITthl" in°2 


( 21 ) 


\ 'in a manner somewhat similar to the use of these markers in' Vtaatrxx ‘and '\ikses. 
For example, if you type: . 

$$\gqalign{ax‘2+bx-^ct=0\cr x<fe={-b\pm\sqrt{b*2-4ac}\over2a}. \cr}$$ 


you get 


ax 


^ + 6i + c = 0 


X = 


—b ± — 4ac 

2a ■ 


f YOU want the equations individually numbered, you use Xeqalignno and add a second 
: with the number added as usual for each equation that is to be numbered. Typing: 

:$\eqalignno{ax‘ 2 +bx^c&= 0 &(l)\cr 

:fe={-b\pin\sqrt{b“2-4ac>\over2a>.it(2)\cr>$$ produces 


ax 


^ + 6i + c = 0 


I = 


-b± N/F^4ac 

2a 


( 1 ) 

( 2 ) 


V , • fnnt Vcaalieimo) and adding \eqno (3), for example, will cause the set 
"formuS X numbe;ed as a group, with the number centered vertrcally w.th respect 


. the group, producing: 


ax 


+ bi + c = 0 


± y/b'^ - 4ac 


( 3 ) 


I = 


2a 


tovf lines between the different formula lines without 
is also possible to introduce e-x r j , \noalign{\hbox{This is the text 

.rurbmg with ^ iniual letter ■!' 

"w,th“no°other changes, wili cause the formula numbers to be placed at the . 

„e fundamental d.n'erences between Xe^aiign and Xe.aisgnno should be noted. . 

I .rt.rallv centered vbox that is no wider than necessary that can- 
islign mak^ a a smgle vert.cally-centered equat.on 

atr'tore throbe\eqaUgn can be put on a line (if space perm.ts), 

alignno generates fuU-width with Xeqalignno 

vidual hues carrtake mdividurd h ^ 

ss,gn a group he "aoaUgnikhboxt ... » conr,.-,-...:.... 

\cqaiignno equation l;..us using 
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f 


difficult problem, particularly if they m^ist still be aligned in some 
■Ev with other equations in a group, and you may have to help to do T satisfactory 
3 b. One solution is illustrated below. 


• x„ui +-h 3:n+t_iUf = x„iti + (ai„ + c)it2 + • • • 

+ + c(a‘“^.+ . • • + l))u£ 

= (til+au2+ --- + a‘-‘txt)x„+;i(ui,...,ut). (47) 

:he first and third fines were aligned on the = signs as usual but then we wanted the 
econd fine to be aligned with the + sign as shown, and the \eqalignno control sequence 
oakes no provision for secondary alignments. The solution is to use the control sequence 
,phantom{.which causes 'I]g>C to leave the same amount of space that would be taken 
)y the indicated text without printing it. So we put a \phantom-C=xjiu_l} in front of the 
econd fine and align it with the other two fines on the = sign. This does not work perfectly 
)ecause the \phantom command creates an empty box of the size necessary to contain the 
ndicated characters without regard for their surroundings and the space allowed before 
.he = and + signs depends on the context. The net result is that we have to add a bit of 
;pace defined by ‘\; So what we type is: 

\eqalignno{x-nu_l+\cdots-*-x_{n-*-t- l}u.t 
k=x jau.l (ax_n-*-c) u_2+\cdots\cr 

k\phantoni{=x_nu.l}\;+\bigl(a"{t-l}x_n-^c(a‘{t-2}-^\cdots+l)\bigr)u.t\cr 
fe=(u.l+au_2-*-\cdots-*-a‘‘{t-l}u_t)xjQ+h(u_l Aldots .u.t)_ k(47)\cr} 

formally, you can depend on TgX to space things correctly, but when TgX needs your 
aelp while in math mode, you can use the following: 

You type \! \. \> \; 

To get —1/6 quad 1/6 quad 2/9 quad 5/18 quad 


Some other math features, not yet covered, are the use of \prime to produce pnme super¬ 
scripts and subscripts where you type; 

$ 7-1 \prime>yJ2"{\prime\prine}^y.3~{\priine\prine\prine}$ to get yi+j/o-ry^'', 

:he use of \root where, $\root 3 \of <x‘2+y‘2> produces {/x^ + , 

ind the use of \mathstrut to enforce uniformity in the positioning, say, of the square root 
hgns by typing $\sqrt<\mathstrut a}+\sqrt{\math3trut d>+\sqrt{\mathstrut y}$ 
-o get s/a + s/d + s/v instead of v/a -I- -y/d -h . 

rhere arc, also, two variations on \phantom that you will find useful, \vphanton with zero 
vidth' and \hphantom with zero height and depth, and there is \smash which tells T^X to 
)rint a subexpression but to assume that it has zero height and depth. 
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omc Odds and Ends 

ou are about ready to undertake ordinary typing on your own but you still do not know 
ow to produce footnotes,* how to allow for insertions, and how to change the page /ormat 
“ you .do not want the pages numbered at the bottom. 

‘ you should like your footnotes to be numbered automatically, even this can be done by 
efining a new control sequence which might be called \note.^ Before the first footnote^ 
0 be so numbered you write (as I have done): 

\newcouiit\notenujnber 

\def \cleamoten\ajnber'(\notenumber=0} 

\def\note{\advance\notenuinber byl \footnote{$‘{\the\notenumber}$}} 

\c1earnotenumber 


There is an art to inserting illustrations or other independently derived material into a 
.ext. A number of people are working on supplements to T^X to allow for the direct 
ntroduction of computer derived graphics into output, but I will a^ume that you 
will be content to add photographs and graphical material manually. 


Plain TeX provides for three basic types of insertions, \topinsert, \midinsert, and 
\pageinsert. These can only be given between paragraphs and not inside boxes or other 
insertions. The general form for these is: \topinsert <vertical mode material that 
can have embedded paragraphs> \endinsert. 

TpX tries to put a \topinsert at the top of the current page, if there is still room when the 
\topinsert is encountered, otherwise it will be put at the top of the next page. If several 
\topinsert commands are given close together, some may be carried to stiU later pages. 
The \midinsert is put on the page in the position where it appears, if this is possible, 
other^vise it is handled as a Xtopinsert. A \pageinsert is automatically expanded to 
fill an entire page and put on the next page. Complications requiring human inier^'ention 
may arise if TfeX is asked to put pageinserts and footnotes on the same page and if both 
topinserts and footnote extensions are carried over to a following page. 

I will now type a \topinsert, which, as you can see, appears at the top of the next page. 
Perhaps you should read it now, if you have not already done so. 


Like this, which was produced by typing ‘\footnote<*}(Like this, which was pro 
duced by typing ...>’ right along following the macro itself. TfeX will usually do the 
r-hL thing Se putting the indicated mark (which is typed in the first set of bracw) in 
the texl where the macro \footnote appears and putting the footnote itself wh^h was 
typed in a second pair of braces) at the bottom of the same page and even dividing an 


extra long footnote between pages. 
This should be footnote number 1. 
V(;>i f.-iP "’'so number equations .a;:t 


oraaticaJly (but that’s a different story). 
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This is a \topinsert. 

■ This text is printed in this shape both to 

set it apart from the rest of the text, as befitting a 
\topinsert, and to demonsfr?t» it is possible to spec¬ 

ify an essentially arbitrary paragraph shape by saying \parshape=n, 
where n is the number of lines, and by following this with the n sets 
of dimensions for these lines, each specified as one number for the inden¬ 
tation and a second number for the length of the line. For a more detailed 
explanation, see The T^Xbook, chap. 14, page lOl. In this case, these lines, 
so specified, were put into a box and this box was used as a \topinsert’. 

Fig. E- This is a Ntopinsert 

This example may be a bit too complicated to explain in detail but in essence it involved 
the creation of a box by the command \setboxO=\vtop{ ...}, where the dots stand for 
the command \parshape 10 followed by the specification of the line indentations and 
lengths and then by the text itself. Having defined such a box it was then only necessary 
to give the commands: 

\topinsert 

\box0 

\vskiplOpt 

\centerline-C\bf Fig. E. This is a Wtopinsert) 

\endinsert 

to tell to generate the \topinsert. 

If there is any danger of an insertion that does not get made before the end of the appro¬ 
priate section, you can force its printing by typing \vf ill\superej ect. 

You should also know how to produce so-called leaders, such as these, which are often used 
in Tables of Contents. 

Introduction..1 

Toward Book Quality.2 

The examples shown here were typed as: 

\def\leaderfill{\leaders\hbox to lemfXhss.\hss}\hfill} 
\line-{\qquad\qquad IntroductionXleaderfill l\qquad\qquad} 
\line-C\qquad\qquad Toward Book QualityMeaderfill 2\qquad\qquad> 

Still another feature, with \parindent set to some non-zero amount (it 
is set to 20pt in plain and to 35pt for this example), the control 
sequence \narrower followed by { the desired contents of the paragraph 
ending with a \smallskip (also within the enclosing braces) }, will cause 
' a paragraph, such as this one, to be narrowed by the \parindent amount. 




First Grade T^X 


utput Routines 

■ Z i? . 

ifining variant forms of output routines is properly in the domain of the T£Xpert, but 
u may like to have a choice of at least one other format which I am now using, startin<^ 
th this page. This change was introduced by typing: ° 

Xnopagenumbers 7. suppress footlines 

\headline={\ifodd\pageno\rightheadline \else\leftheadline\fi> 

\def\rightheadline{\tennn\hfil A Beginner's \TeX\ Manual\hfil\folio) 
\def\leftheadline{\tenrm\folio\hfil First Grade \TeX \hfil} 

f course, if you want to get fancy, you can have automatically use your current 
lapter or section headings as running heads, but this may be too much for the beginner. 

iefining Macros 

everal macros have been defined and used in this manual, a typical one being: 

\def\loterms{\hbox{\rai lower order terms}}. 

uch macros all begin with the control sequence ‘\def ’ followed by the new name and then 
he meaning to be assigned to this new name (enclosed in braces that are not a part of 
.he definition). If braces are wanted as a part of the definition they must be added. 

V.S useful as these simple macros are, you will come across numerous situations where you 
/ill want to define a macro that can take parameters that are to be defined at the time 
he macro is used. You have already been introduced to control sequences of this sort that 
/ere defined in PLAIN.TEX, and that you have learned to use. 

)ne such definition is: \def\centerline#l{\line{\hss«l\hss}} . 

This savs that if T^X encounters the command \centerline. it is ne.xt to look for a 
)arameter that is here designated as Cl which you should have typed in braces following 
he \centerline command. TeX is then to apply the control sequence Mine to the 
/raced expression \hssCl\hss, where Mine is itself a derived control sequence defined as 
^defMine{\hbox toXhsize}. In other words—Center It on a Line! 

Two things are to be noted: 1) It is possible to use other control sequences within definitions 
L d 2) The symbol #1 is used to designate a parameter that is given to at the time 
bat the control sequence is invoked. Actually, up to 9 parameters can be so specified. The 
lefinition might'then take the form \def \zzz#l#2#3{a complex expression in which #1, 
and C3 can be used in any order and repeatedly if needed}. The parameters, as listed 
ollowin;' the name of the control sequence, must, however, be in serial order. 

!t is al-so oossible to write macros that are conditional. A simple example of a conditional 
macro w;is used to define the current page format, as explained earlier on this page, wheni 
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typed: \headline={\ifodd\pageno\rightheadline\else\leftheadlineXfi> Note 
)artioularly the use of \:i (if spciiea o i—vvafu; to end the 

To round out our discussion of \def, we will note that there exists a \let primitive that 
s somewhat analogous to \def but differs from it in the timing of its execution. The 
iifference can most easily be explained by noting that the expression \let\b=\a sets the 
zalue of \b to the value of \a at the time when this expression is read by while 

\def \b{\a} does not set the value of \b to the value of \a until this macro is executed. 


Before naming a new macro, it is always wise to make sure that the proposed name is 
not already in use either by itself or by the macro package that you intend to use. 
You can do this by interrogating TgX directly. Simply run 'I]E;iX82 without specifying a file 
name and in response to the asterisk prompt type \show followed by the proposed name. 
If your macro package is not preloaded, you will wzmt to load it before typing the \show. 


For A Macro 

Typing \show\centerline 
Shows > \centerliae=macro: 

#l->\line{\hss#l\hss}. 
<*> NshowXcenterline 

7 


A Primitive 


An undefined name 


\show\hbox 
> \hbox=\hbox. 
<*> \show\hbox 

7 


\show\zZ 2 Z 
> \zzzz=uiidefined 

<•> \show\2z2z 
7 


The line beginning with i;i-> for the \centerline case, shows that the macro expects 
one parameter and this parameter is then used in the topression that follows. The next to 
last line is tb show you what has i^ad and the last line is asking you what you want 
to do about it. A carriage return will restore the asterisk prompt, and you can then type 
another \show, or give a \input command. 


By ay of summarv-, there are several ways to assign meaning to a control sequence; 


Typing \font\cs=\<fone naiQe> 
\chardef\c3=\<nuia. > 
Xcountdef\cs=<num.> 
\def \cs. 

Typing \let\cs=<token> 


makes \cs a font identifier 
a character code 
a \count register 
a macro. 

gives \cs the token’s current meaning. 


You will need to know quite a bit more before you can be an efficient macro designer. The 
whole story appears in Chapter 20 of The T^Xbook. 

Two special macro packages are soon to be available. IAT£>X by Leslie Lampori probably 
will appeal to the computer programmer, while AMS-T^X by Michael Spivak probably 
will appeal to the mathematician. Both packages allow the user to specify one of several 
formatting styles by name and in so doing they greatly simplify the task of using TgX. 
Facil T^X by Max Diaz is also a contender but no date is available for its conversion to 
'IfeX82. 
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le break controls: \break 

;\-cre\-tion\-ary hy\-phens 

\allowbreak \nobreak \hbox{unbreakable} 

virgule/breakpoint: \slash 

lakable horizontal spaces: 

Unbreakable horizontal spaces: 

normal interword space 

normal interword space 

skip this much 

\enspace this much 

ad this much 

\thinspace this much 

uad this much 

\negthinspace thianuch 

kip <arbitrary dimen> 

Nkern <arbitrary dimen> 


:ical spaces: \smallskip- 

\medskip 

\bigskip 

e break controls: \eject \supereject \nobreak 

\goodbreak \filbreak 

ical spaces and good breakpoints: 

\smallbreak 

\medbreak \bigbreak 

ie{\downbracefill} \hrulefill _ 

\dotfill ... 

\line-{\upbracef ill} 


Xra Roman \sl Slant \it Italic* \tt Typewriter \bf Boldface 

cal font table (\m for ararlO). If necessary, one can type \char ’ 10 to get ^>, etc. 

GAEnET ij .fiaeoeo^CEG 

()' + ,-• / 01234567 89:;i=i? 

BCDEFG HIJKLMNO PQRSTUVWXYZ|“|_ 
bcdefg hijklmno pqrstuvw xyz- 


Letters, in Math mode ($\gaiiima$, or $\Gamma$ for upper case where shown) 


\alpha 

\beta 

Xgamnia 

\delta 

\epsilon 

\varepsilon 

Xzeta 

\eta 

vth^ta 

\vartheta 



L 

\iota 


e 

\varrho 


K 

\kappa 

r 

a 

\sigma 

A 

A 

\lambda 


C 

Xvarsigma 



\inu 


T 

\tau 


1/ 

\nu 

T 

V 

\upsilon 


( 

\xi 

4> 

<P 

\phi 


0 

o 



\varphi 

n 

TT 

\pi 


X 

\chi 


C7 

\varpi 

''i' 

V 

\psi 


P 

\rho 

n 

(jj 

Nomega 







(iscellaneous special symbols, available in Math mode 


; 

\aleph 

t 

Nprime 

V 

Nforall 




0 

Nen^y “ 


Nexists 



Ximath 

V 

Nnabla 


\neg 


• 

\jmath 

y 

Nsurd 

b- 

Nflat 


) 

Nell 

T 

\top 

tl 

Nnatural 


0 

\wp 

± 

Nbot 

11 

Nsharp 



\Re 

II 

NVert 

4 

Nclubsuit 



\Im 

Z 

Nangle 

0 

Ndiamondsuit 


9 

Npartial 

A 

Ntriangle 

9 

Nheartsuit 


XD 

Ninfty 

\ 

Nbackslash 

4 

Nspadesuit 


Binary operators (in addition to +, 

—, and ♦) available in Math mode 


± 

\pm 

n 

\cap 

V 

Nvee 



\mp 

u 

\cup 

A 

Nwedge 


\ 

Nsetminus 

w 

Nuplus 

© 

Noplus 


• 

\cdot 

n 

Nsqcap 

0 

Nominus 


X 

Ntimes 

u 

Nsqcup 


Notimes 



\ast 

<3 

Ntriangleleft 

0 

Noslash 


★ 

\star 


Ntriangleright 

G 

Nodot 


o 

\diai3ond 

1 

\wr , 

t 

Nda/ger 


0 

\circ 

o 

Nbigcirc 

t 

Nddagger 


• 

Nbullet 

A 

Nbigtriangleup 

U 

Namalg 


-f 

Ndiv 

V 

Nbigtriangledown 




Relations (in addition to <, >, and 

=), available in Math mode 




< 

\leq 

> 

\g.eq 

= 

Nequiv 



\prec 

>- 

Nsucc 


Nsin 


< 

Npreceq 


Nsucceq 


Nsimeq 


< 

Nil 

» 

\gg 


Nasymp 


C 

Nsubset 

D 

Nsupset 


Napprox 


C 

Nsubseteq 

D 

Nsupseteq 


\cong 


c 

Nsqsubseteq 

□ 

Nsqsupseteq 

CXI 

Nbowtie 

TV 

€ 

Nin 


Nni 

(X 

Npropto 

*v 

h 

Nvdash 

H 

Ndashv 

L— 

r- 

Nmodels 



Nsoile 

1 

Nmid 

= 

Ndoteq 

V 


Nfrovra 

II 

Nparallel 

± 

Nperp 


Neg 

ated relations (tbe 

Nnot symbol 

is considered to have zero wi 

idth) 


N 

< 

Nnot< 

> 

Nnot> 

-j. 

r~ 

Nnot= 

Ik 

t. -- 


NnotNleq 


NnotNgeq 

7^ 

NnotNequiv 


7^ 

NnotNprec 


NnotNsucc 

/ 

NnotNsim 



NnotNpreceq 


NnotNsucceq 


NnotNsimeq 



NnotNsubset 

7> 

NnotNsupset 


NnotNapprox 


% 

NnotNsubseteq 

2 

NnotNsupseteq 

at 

'n 

NnotNcong 



NnotNsqsubseteq 

3 

NnotNsqsupseteq 


NnotNasymp 
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rows for US6 in Mith mode 


\leftarrow 

\Leftarrow 

\rightarrow 

\Rightarrow 

\leftrightarrow 

\Leftrightarrow 

\mapsto 

\searrow 

» \hookleftarrow 


=> 



\longleftarrow 
\Longleftarrow 
\longrightarrow 
\Longrightarrow 
\longleftrightarrow 
\Longleftrightarrow 
Mongmapsto 
\swarrow 
\hookrightarrow 


I \uparrow 
\Uparrow 
j \downarrow 
\Downarrow 
I Xupdownarrow 
^ \Updownarrow 
/* \nearrow 
\ Xnwarrow 


)me alternate names used in 
\ne ■( N'C 

Math mode 

A Mand —» 

\to 

Me } \> 

V Mor ^ 

\gets 

\ge 3 \owns “« Mnot 

,arge operators as used in Math ($... $) and in Math Display ($i ... 


n n 

o O 

n n ''P”'' 

U U 


[j \coprod 

□ y \bigsqcup 

© 0 

J j \int 

y \J \bigvee 

y l±) 

j <p \oint 

/\ ^ \bigwedge 

« 





I \vert 
ll- Wert 

$$) modes 
\bigodot 
Xbigotines 
\bigoplus 

\biguplus 


Extendable delimiters, in addition to ( ) 'f ^ [ 3-nd |, 


[ \lfloor 
j \rfloor 
[ \lceil 
] \rceil 


( Mangle 
} \rangle 

/ / 

\ \backslash 


I \vert 

II Wert 

I \uparrow 
ff \Uparrow 


used in Display Math mode 
i \downarrow 
II \Downarrow 
I \updownarrow 
\Updownarrow 


Function names that print in 

\arccos 

\cos 

\csc 

\arcsin 

\cosh 

\deg 

\arctan 

\cot 

\det 

\arg 

\coth 

\dim 


roman type, for use when in Math mode 


\exp 

\ker 

Mimsup 

\gcd 

\lg 

Mn 

\hom 

Mim 

Mog 

\inf 

Miminf 

\max 


\min 

Nsinh 

\Pr 

\sup 

Nsec 

Ntan 

Nsin 

\tarm 


Dimensions, preset by PLAIN . TEX, that you may want to change 

\hsi 2 e. 6 , 5 in ■ \pariDdent=20pt \abor.displ3yslcip.,2pt 

\vsj 2 e-a 9111 \par3kip-0pt plus Ipt \t,elowdi3playskip.l2pt 


plus 3pt nnnus 
plus 3pt minus 
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4 




e 



I 


?os for settins 

k 

renc hspacing 
ionf reDchspacing 
normalbaselines 

null 

obeyspaces 

.loop»l\repeat 

^iterate 

^nointerlineskip 


ordinary text 

\break 
\nobreak 
\allowbreak 
\filbreak 
\goodbreak 
\ej ect 
\superej ect 
\s 3 iallbreak 
\nedbreak 


\bigbreak 

\line 

\leftlineci 

\rightlineff 1 

\centerline#l 

\rlap#l 

\llap»#l 

Xunderbar #1 

\strut 


\hidewidth 

\multispaLn#l 

\cleartabs 

Nhang 

XtextindentSl 

\item 

\itemitem 

\narrower 

\raggedright 


\offinterlineskip 


\ttraggedright 
\leavevTDode 
\hxulefill 
\dotfill 
\downbracefill 
\upbracefill 


icros for setting math 


\j oiarel 

\relbar 

\Relbar 

\bowtie 

\models 


\vphantom 

\hphantom 

\phantom 

\mathstrut 

\smash 


\openup 
\eqaligiiJJ 1 
\di splay lines<fl 
\eqaligtmo#l 
\leqaligrmo#l 


XcasesCl 
\matrix#l 
XpmatrixJtl 
\bordermatrixS 1 


\ldots 

\cdots 

\vdots 

\ddots 


irameters preset by PLAIN.TEX that may be reset, with caution 


vbadness^1000 

linepenalty=10 

hypbenpenalty *50 

exhyphenpenalty *50 

binoppenalt7=700 

.relpenalty *500 

,hbadness=1000 

vclubpenalty=l50 

>widowpenalty =150 

\displaywidowpenalty=50 

\brokenpenalty=100 

\predisplaypenalty=10000 


\tracinglostchars=l 
\uchyph=l 
Xaewlinechar^-1 
Xdelimiterfactor =901 
\showboxbreadth =5 
\showboxdepth =3 
\ad]demerits=10000 
\hfuz2=0.fpt 
\vfuzz=0.Ipt 
\overfullrule= 5 pt 
\hsi2e=6 Sin 
\vsize=8. 9 in 


\delimitershortfall=5pt 
\nulldelimiterspace=l.2pt 
\scriptspace=0.5pt 
\parindent=20pt 
\paLrskip*Opt plus Ipt 
\paxfillskip*0pt plus Ifil 
\topskip=10pt 
\maxdepth=4pt 
\norTDalbaselineskip= 12pt 
\normalline5kip=Ipt 
\]ot=3pt 
\tolerance=200 


\doublehyphenden:erits = 10000 

\f inalh'iTphendemeri ts = 5000 

\thimauskip=3mu 

\niecimuskip=4mu plus 2mu minus 4mu 
\thickinuskip=5ciu plus 5cu 

\interdisplaylinepenalty=100 
\interf ootnotelinepenalty=100 


\be 1 owdisplayskip=12pt plus 3pt minus 9pw 
\belowdisplayshortskip=7pt plus 3pt minus 4pt 
\siz:allskipainount = 3pt plus Ipt minus Ipt 
\medskipamount=6pt plus 2pt minus 2pt 
\bigskipainount=l2pt plus 4pt minus 4pt 
\abovedisplayskip=l2pt plus 3pt minus 9pt 
\abovedisplayshortskip=Opr plus 3pt 


Unassigned parameters, set to zero automatically 


\pausing . 
\traciagoclice 
\tracingTsacros 
Xtracingstats 


Xtracingpaxagraphs 

Xtracingpages 

Xtracingoutput 

Xtracingcomoands 


Xtracicgrestores 
Xleftskap 
Xrigttskip 
XtabsKip 


Xepaceskip 
Xboffset 
Xvoffset 
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